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Abstract
The choice of an adequate method of anesthesia for surgical treatment of lower limbs injuries remains a critical task today. 
Each method applied in this treatment has its advantages and disadvantages. In recent years, regional anesthesia has been the pref-
erential method.
The aim of the study. To study the stress laboratory findings and their relation to the patients’ psychoemotional state in 
perioperative period while performing regional and combined anesthesia. 
Material and methods. It was studied 60 patients aged 18–59 years, who underwent metal osteosynthesis operations due to 
lower limbs injuries. Surgical treatment was performed under regional anesthesia and regional anesthesia followed by sedation. The 
patients of both groups were conducted heamodynamics monitoring and determined the intensity of pain in accordance with visual 
analogue scale and stress indicators with a laboratory method. The psychoemotional state was assessed with the Spielberger-Hanin 
anxiety scale. 
Results. According to the study it was determined, that in patients, who were planned to have surgery, significant psy-
choemotional stress and stress concentration of hormones in the blood and their interrelation was discovered. Patients about before 
surgery had a relationship between situational anxiety and cortisol r=0.7; p=0.00006 in group I; r=0.6; p=0.002 in the second group. 
The relationship between VAS and cortisol r=0.5; p=0.04 in groups I and II. After surgery, the connection was in group I patients 
between situational anxiety and cortisol r=0.4; p=0.02; the relationship between insulin and the HOMA index r=0.5; p=0.01. 
Conclusions. Before the operation, all patients revealed significant psychoemotional stress and stressful changes in the 
concentration of hormones in the blood. Reliably pronounced dynamics of the indicators was with the use of combined conduction 
anaesthesia. Thus, the performed study allows to recommend combined regional anesthesia as the method of anesthesia choice, 
particularly in patients with high anxiety.
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1. Introduction
A large number of surgeries for lower limbs injuries are performed all over the world and in 
our country, therefore their adequate anesthetic support remains a critical task. A lot of works have 
been dedicated to the issue of choice of the anesthesia method during these surgeries, the advantag-
es and disadvantages of both general and regional anesthesia are described [1, 2]. In recent years, 
the methods of regional anesthesia are preferred due to their sufficient level of pain control as well 
as economic efficiency [3, 4].
From the perspective of practical anesthesiology, an important factor when selecting the 
anesthesia method is probability of complications developing both during, and after surgery [5, 6]. 
Unfortunately, none of the anesthesia methods is deprived of adverse effects and events, however, 
most researchers indicate the relative safety of regional anesthesia while meeting the requirements 
of their implementation, adequate monitoring and consideration of counterindications [7, 8].
The analyses of the perioperative complications of anesthesia has been the subject of many 
works [9]. Most part of them is dedicated to the problems of organ dysfunctions, such as respiratory 
and heart failure, renal failure, intraintestinal dysfunction, etc. [10, 11]. This is due to the fact that 
any arising organ failure leads to the worsening of the postoperative period, while the time spent by 
the patients in the intensive therapy unit and in the hospital increases, the mortality rate increases, 
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the quality of life decreases [12, 13]. At the same time, much smaller number of publications is 
dedicated to the problems of the patients’ psychological state [14, 15]. The question arises, if psy-
choemotional stress, depression can be a complication of the perioperative period or if they are just 
patient’s individual characteristics? This question can be unambiguously answered, that all signif-
icant deviations in the patient’s psychological status, arising in the perioperative period, certainly, 
are complications and should not only be noted in the medical documentation, but also adequately 
evaluated and corrected. In the Standards of the European Society of Anesthesiologists the follow-
ing sections are dedicated to the patients’ psychological state: the indicators of psychometric as-
sessment of quality of the postoperative recovery and scale of life quality, related to health [16, 17].
Thus, the large-scale implementation of the assessment methods of the patients’ psycho-
logical state in perioperative period for different types of surgeries is a critical task of the modern 
anesthesiology. It will allow to carry out a differentiated choice of anesthesia method taking into 
account the patient’s individual psychological characteristics and, thus, improve the course of the 
postoperative period.
The aim of the work. To study the stress laboratory findings and their relation to the pa-
tient’s psychoemotional state in perioperative period while performing regional and combined an-
esthesia during surgeries for lower limbs injuries.
2. Materials and methods
60 patients, who underwent metal osteosynthesis operations due to lower limbs injuries, 
were included into the study on the base of Anesthesiology and Intensive Therapy Department of 
MNE of KhRC “Regional Clinical Traumatological Hospital” in 2017–2020 years.
The criteria for inclusion to the study were age 18–59 years; planned lower limbs surgery 
related to injuries; the duration of surgery more than 60 minutes, the type of anesthesia: region-
al anesthesia, regional anesthesia followed by sedation; anesthetic risk according to ASA – I–II; 
informed consent to participate in the study and understanding of the contents of psychometric 
techniques and VAS.
The criteria for exclusion from the study were diabetes mellitus, myocardial infarction, neu-
rological disorders, respiratory diseases, visual and aural disorders, repeated surgery; the use of 
tranquilizers, antidepressants, nootropics; alcoholism, drug abuse; pain syndrome not related to the 
injury and surgery. 
The study was conducted in accordance with the requirements of good clinical practice, the 
Council of Europe Convention on Human Rights and Biomedicine, the Helsinki Declaration of the 
World Medical Association and approved by the local ethics committee of the Kharkiv Medical 
Academy of Postgraduate Education (protocol No. 2, from 26.06.2020). All patients signed in-
formed consent for participating in the clinical trial.
Depending on the anesthesia method the patients were divided into 2 groups: group I (n=33) 
included the patients, who were operated on under conditions of regional anesthesia (the average 
age 40.4±1.8 years); group II (n=27) included the patients, who were operated on under conditions 
of regional anesthesia followed by sedation with 1 % profopol at target concentration 2 mg/kg/h 
(the average age 40.0±2.1 years).
Body mass ratio (BMR) in patients of group I was 26.3±0.8 kg/m2 and in patients of 
group II – 26.4±0.7 kg/m2. The patients of both groups did not differ from each other in an-
thropometric indexes (p>0.05).
All the patients underwent complex clinical laboratory examination and preoperative 
preparation. 
Before surgery, patients received standard preventive premedication at the bedtime: per os 
Sibazon 10 mg.
When performing surgeries in patients of both groups, distal block of sciatic nerve with the 
posterior approach in popliteal space was applied. The sciatic nerve block was performed in com-
bination with a “three-in-one” femoral nerve block. For identification of nerve trunks the «Stimu-
plex» electrostimulator was used. Puncturing was performed with a specific electrically secured 
needle «Stimuplex A», which allows to increase the accuracy of determining the localization of the 
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nerve. As the needle approached the nerve trunk, the contraction of the associated muscle group 
was obtained in response to irritation by an electrical impulse. An adequate motor response was 
considered a plantar foot flexion. The nerve block in patients of both groups was carried out with 
1 % solution of lidocaine 800 mg with an addition of epinephrine (1:200000), as an adjuvant.
The postoperative anesthesia was performed with non-steroidal anti-inflammatory drugs 
(dexketoprofen, at the patients’ request).
BMR was determined according to the formula: m/h2, where m is for mass of the body (kg), 
h is for height (m)
The monitoring was carried out, which included control of the systolic blood pressure (SBP), 
diastolic pressure (DIA), cardiac rate (CR), electrocardiography and arterial oxygen percent 
saturation (SpO2) with the help of monitor G3L («Heaco», United Kingdom), mean arterial 
pressure (MAP) was determined according to the formula: (2 (SBP)+DIA)/3, the indicators were 
recorded before surgery, at the traumatic stage and on the first day after surgery.
The intensity of pain was evaluated according to the visual analogue scale (VAS) before the 
surgery (stage 1) and in the first 24-hour period after the surgery (stage 3). The visual analogue 
scale represents a continuous scale in the form of a horizontal or vertical line 10 cm long and two 
extreme points “no pain” and “severe pain that you can only imagine” located on it.
In our study we used a specific ruler with a slider, in which we suggested the patient to 
indicate the intensity of the pain syndrome. The distance between the marks “No pain” and 
“Unbearable pain” was drawn on a coloured scale and is 10 cm long on one side and on the 
other side coloured symbols from blue to red according to the intensity of the pain syndrome 
were drawn. Based on the allocation of points the following classification is recommended: no 
pain (0 points), weak pain (1–4 points), moderate pain (4–6 points), severe pain (7–9 points), 
very severe pain (10 points).
The study of psychoemotional state included determining of the level of personal anxiety, 
which characterizes a stable tendency to perceive a wide range of situations as threatening, to re-
spond to such situations with the anxiety state and a situational anxiety, which is characterized by 
tension, psychic tension, nervousness. The situational anxiety causes attention failure, sometimes it 
causes violation of fine coordination. These data were evaluated at three stages of the study: before 
the surgery (stage 1) and on the first day after surgery (stage 3) according to the Spielberger-Hanin 
scale, which was developed by an American psychologist Charles Spielberger in 1970 and adapted 
by Russian psychologist Yuriy Hanin in 1976. 
The assessment methodology of the situational and personal anxiety determines the anxiety 
level based on the self-assessment scale (high, medium and low anxiety), it is carried out with two 
cards: one is for situational anxiety, the second one is for personal anxiety measuring.
The interpretation of indicators was determined by points:
– up to 30 points – low;
– 31–44 points – moderate;
– more than 45 points – high.
All laboratory tests were also recorded at three stages of the study: stage 1 – before surgery; 
stage 2 – at the traumatic stage and stage 3 on the first day after surgery. 
 Blood glucose measurement was evaluated with the glucose oxidase test by means of the 
“GLUCOSE SpineLab”, Ukraine reagent kit.
Indicators of cortisol and insulin levels were determined with the immunoenzyme method 
by means of “Vector-Best-Ukraine” reagent kit.
Index HOMA (The Homeostatic Model Assessment), which displays the degree of insulin 
resistance, that depends on the stress reactions degree, was calculated by the formula:
HOMA=(Glucose (mmol/l))×Insulin (umol/ml))/22,5.








For statistical processing of the obtained data, the «SPSS Statistics 19.0» program was used. 
Parametric and nonparametric methods of statistics were used with the usage of Student’s and 
Mann-Whitney criterion. To evaluate the relations between the indicators a correlation analyses 
was carried out with the usage of Spearman criterion. 
3. Results
All surgical interferences were performed to young and middle-aged patients without signif-
icant concomitant pathology and with moderate risk of anesthesia (I–II in accordance with ASA). 
Therefore, the course of intra- and postoperative periods in patients passed without significant 
disturbances of vital organs. In patients of both groups, the nornodinamic type of blood circulation 
with an average blood pressure within the range of 90–110 mm Hg, normal gemoglobin oxygen 
saturation (SpO2 ≥95 %) and sufficient diuresis were noted intraoperatively. None of the examined 
patients needed additional measures of heamodynamic and respiratory support during surgery and 
in the early postoperative period. 
The main differences that we discovered between the patients’ groups, dealt with their psy-
choemotional state and laboratory stress markers. So, before surgery, the patients of both groups 
showed significant psychoemotional tension according to the Spielberger-Hanin scale, which can 
be explained both by the expectation of surgery and the damage associated with it, and by the pres-
ence of post-traumatic pain syndrome (Table 1).
Table 1
Anxiety indicators in patients of groups І–ІІ at the stages of the study (Me [Q1; Q3]), points
Measurement Group І  (n=33)
Group ІІ  
(n=27)
Situational anxiety before surgery 49.5 [48.0; 50.0]
46.0 
[44.0; 50.0]
Personal anxiety before surgery 54.0 [51.0; 55.0]
49.0 
[44.0; 56.0]
Situational anxiety after surgery 41.0 [40.0; 42.0]
34.0* 
[30.0; 38.0]
Personal anxiety after surgery 45.0 [44.0; 48.0]
34.5* 
[30.0; 42.0]
Note: * – significant difference between groups: р<0.01
In the early postoperative period, the indicators of situational and personal anxiety in the 
group of patients who underwent additional sedation were significantly lower (р<0.01).
Pain intensity indicators according to VAS in the patients before surgery were 5.2±0.1 points 
in group І and 5.1±0.2 points in group ІІ (р>0.05). In 24 hours after the surgery a decrease of the 
pain syndrome intensity was observed 3.7±0.1 points in group І and 3.1±0.1 points in group ІІ 
(р<0.05). It supports the fact that the mechanisms of nociception are implemented in numerous 
ways, thus deprivation of central routs of perception can be significant. Moreover, the emotional 
colouring of the situation during the survey plays a certain role, as the anxiety in general and the 
emotional tension accordingly in the patients of group II were lower. 
Through laboratory studies of hormonal indicators of the stress response in patients of both 
groups, some well-known patterns were discovered and confirmed, which were evident as an in-
crease of cortisol concentration in the blood plasma, cortisol/insulin correlation and the insulin 
resistance index НОМА (Table 2). 
In the process of surgical interference under regional anesthesia the cortisol level was de-
creasing in both groups. This dynamics was more significant in group II compared to group I 
(р<0.01). Thus, there was a tendency to decreasing in the dynamics of cortisol/insulin index to 
normal and subnormal values in both groups. 
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Hormonal reactions in perioperative period in patients of groups І–ІІ (Me [Q1;Q3])
Stage of the Study Groups
Measurement
Cortisol, nmol/l Insulin, umol/ml C/I HOMA
1












































Note: * – р<0.05 by comparison to the group I at the third stage of the study; ** – accuracy of difference between groups р<0.01 
The insulin resistance index HOMA in the patients of group I did not change signifi-
cantly (Table 2), while in group II its decrease was noted (Table 2), which was significant 
compared to group I (р<0.01).
The glycemia level in patients of both groups was at the upper limit of normal which also in-
directly characterizes the stress response in the patients without concomitant diabetes mellitus. In 
the initial state, the glucose concentration in the patients of group I was 5.1±0.1 mmol/l, during the 
surgical interference it was 5.8±0.1 mmol/l, the next 24 hours after surgery it was 5.9±0.1 mmol/l, 
there were no differences at all stages of surgical treatment (р>0.05). In patients of group ІІ 
similar results were obtained at all stages of the study – 5.1±0.1 mmol/l; 5.2±0.1 mmol/l and 
4.9±0.1 mmol/l, respectively (р>0.05).
Thus, in patients of both groups in the perioperative period a significant psychoemotional 
reaction was discovered with the increase of situational and personal anxiety, an intense pain syn-
drome and specific “stress” reaction. While studying the relation between these indicators, some 
patterns were discovered.
In preoperative period in the patients of both groups a strong connection between the indi-
cators of situational anxiety and the cortisol level in the blood plasma (r=0.7; р=0.00006 in group 
І and r=0.6; р=0.002 in group ІІ) was discovered. Moderate relation was discovered between the 
indicators of pain intensity according to VAS and the cortisol concentration before the surgery in 
both groups (r=0.5; р=0.004).
In the postoperative period in patients of group II there were no significant relations of the 
studied indicators. At the same time in patients of group I remained a moderate relation between the 
indicator of situational anxiety and the cortisol concentration in the blood (r=0.5; р=0.01), insulin 
in the blood (r=0.4; р=0.02) and the insulin resistant index НОМА (r=0.5; р=0.01).
4. Discussion
Some researchers note that it is the patient’s psychoemotional state that is one of the key in 
the implementation of many stressful reactions of the body, and also significantly affects the inten-
sity of the pain syndrome and the associated treatment effectiveness. V. M. Zagurovsky [18]. Also, 
some authors claim in their studies that the psycho-emotional state before surgery is intense and 
requires psychological and pharmacological support. V. I. Strashnov et al. [19]. At the same time, 
the authors argue that the anesthetic risk in these conditions increases, due to the negative impact 
of emotional stress on the state of vital functions. A. Pinto et al. [20]. According to the results of the 
assessment of the hormonal profile, it was found that with a high and medium level of anxiety, the 
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indicators of anxiety were higher. V. G. Syusyuk [21]. In the conducted studies, it was found that 
after surgery, the level of triviality was significantly lower and had a correlation with biochemical 
markers of stress. V. I. Kolomachenko [22].
Thus, our study demonstrated the importance of investigation of the patients’ psycholog-
ical state it the perioperative period since the significant emotional tension and the pain syn-
drome are related to a negative course of stress reaction that can affect the course of the periop-
erational period and the results of the treatment to a certain extent. In our opinion, the regional 
anesthesia combined with sedation can significantly minimize these effects and, therefore, it 
is the method of anesthesia choice for these surgeries, especially in patients with significant 
psychoemotional tension.
Study limitations. The studies were not conducted as a result of the identification of con-
comitant pathology of other organs and systems and as a result of patients refusing to study.
Prospects for further research. In the future, this study is possible with a larger sample of 
patients to more accurately obtain data. It is possible to expand the research phase with the expan-
sion of the range of laboratory tests.
5. Conclusions
In patients who are planned to have surgeries on lower limbs, a significant psychoemotional 
tension and stress changes in the concentration of hormones in the blood, which are closely inter-
related, were discovered in the perioperative period.
All patients showed a positive dynamics of the studied parameters, significantly more ap-
parent when using combined regional anesthesia with sedation, so the indicator of the concentra-
tion of cortisol in the blood at the first stage in patients of group I was 630.3 nmol/l and 657.7 nmol/l 
in patients of group II, respectively, insulin indicators in group I were 10.3 umol/ml in group II 
this indicator was 9.8 umol/ml. In the postoperative period, in patients of group I, cortisol was 
478.3 nmol/l and 368.6 nmol/l in patients of group II, insulin indicators in group I were 9.2 umol/ml 
in group II and 8.4 umol/ml.
When using isolated regional anesthesia, a significant relation between the indicator of sit-
uational anxiety, cortisol concentration this indicator amounted to r=0.7 ;p=0.00006 in group I 
and in group II r=0.6; p=0.002, insulin concentration and the insulin resistance index remained 
in patients this indicator was r=0.5; p=0.001 in patients of group I. The study allows us to recom-
mend combined regional anesthesia as a method of anesthesia choice, especially in patients with 
increased anxiety. 
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